ABSTRACT
INTRODUCTION
Systemic lupus erythematosus (SLE) is a chronic, multisystem, usually life-long, potentially fatal autoimmune disease characterized by unpredictable exacerbations and remissions despite therapy
(1) . SLE has always been associated with numerous abnormalities in the immune system including activation of both the humoral as well as the cellular immunity (2) . One of the greatest challenges of SLE is distinguishing patients with active disease from those with inactive disease (patients in remission) (3) . Serologic markers play an important role in the assessment of disease activity in SLE. These markers are critical for understanding the pathogenesis of the disease, monitoring the disease progression, following up the efficacy of the treatment and identifying potential clinical benefits from new therapies (4) . Humoral immune system activation in SLE can be reflected on ESR, serum or plasma complement concentrations, and formation of antidsDNA antibodies. These parameters are currently used as indicators for disease activity. However, some patients may have abnormalities in the results of these tests for considerable period yet show few clinical symptoms or functional deterioration of a major organ, whereas others are markedly symptomatic with minor aberrations in these tests results (5) . Meanwhile, other parameters can be used to indicate primary cellular immune system activation reflecting T lymphocyte upregulation. Particular attention had been focused on neopterin, which had been shown to be an early, specific, and sensitive marker of cellular immune system activation in several clinical settings including autoimmune and inflammatory diseases (6) . Neopterin is an aromatic pteridine derived from intracellular guanosine triphosphate produced by human monocyte-derived macrophages upon stimulation with the cytokine interferon gamma (INF-γ) released from activated T-lymphcytes (7) . Neopterin production may, also, be triggered by other immune activators including other interferons, interleukin-1α (IL-1α), tumor necrosis factor-α (TNF-α) and lipopolysaccharides. Endothelial cells may, also, produce neopterin in vitro and that production is augmented in the presence of INF-γ in combination with . Increased amounts of neopterin in human body fluids are found in many disorders, including viral infections, autoimmune diseases, neuro-degenerative diseases, allograft rejection, as well as, certain malignant diseases (9) . The aim of the current study was to investigate the possible relationship between serum neopterin levels and various parameters of disease activity currently used. In addition, to investigate serum neopterin levels in different patterns of organ disease involvement and during the administration of different therapy regimens used in the management of SLE. Patients were selected from the Outpatient Clinics and Inpatient Wards of Rheumatology and General Medicine Departments in Kasr ElAini Hospital, Cairo University. All participants gave their informed consent before participation in the study. All subjects were evaluated by complete history taking including history of organ affection and all the medications used, as well as, thorough clinical examination with special stress on various organs affection.
According to BILAG index, proper history taking and physical examination, 9 patients with active SLE had multi-organ affection while 17 patients had single organ affection. Drug history revealed that 10 active SLE patients were treated by prednisolone only, 7 were treated by cytotoxic drugs only, and 9 were treated by combined treatment of both prednisolone and cytotoxic drugs. The results were analyzed using SPSS computer software package, version 10.0 (Chicago-IL, USA) (19) . Data were presented as mean ± S.D. Unpaired student t-test was used for analysis of two quantitative data. Differences among the three groups were compared by one-way ANOVA followed by post-hoc test. To study the relationship between the measured parameters, Pearson's correlation was calculated.
The results were considered statistically significant at p<0.05. Re-diagnostic value of variables was assessed using Receiver Operating Characteristic (ROC) curves, the specificity and sensitivity for a given cut-off were calculated (cut-off values = mean ± 2 S.D.).
RESULTS
There was a non significant difference in age between active, remission and control groups (p>0.05). There was, also, a non significant difference in duration of the disease between active and remission groups (p>0.05) ( Table 1) . There was no significant difference between all studied groups as regard serum levels of total bilirubin, AST and ALT (p>0.05). Serum levels of urea and creatinine were significantly higher in active group compared to remission group (p<0.05 for both levels) and control group (p<0.01 for both levels), while no significant difference in their levels between remission and control groups (p>0.05 for both levels).
As regard blood count; white blood cell, red blood cell, and platelet counts, all were significantly lower in active group compared to remission group, as well as, to control group (p<0.05 for WBC and RBC and p<0.01 for platelets) and control group (p<0.01 for each), while comparing remission group to control group, as regarding the above counts, no significant differences were found.
As regard ESR levels, they were significantly higher in active SLE patients in comparison to patients in remission and, also, to controls (p<0.01 and p<0.001 respectively). Also, ESR levels were significantly higher in patients in remission in comparison to controls (p<0.001) (table 2). Plasma levels of C3 and C4 were significantly lower in active group compared to remission and control groups (p<0.01 and p<0.001 for both levels respectively), while patients in remission had significant lower plasma C3 and C4 levels compared to controls (p<0.001 for both levels) (table 3) .
As regarding C3dg levels, they were significantly higher comparing active SLE patients to patients in remission and to controls (p<0.01 and p<0.001 respectively), also, they were significantly higher comparing patients in remission to controls (p<0.001) (table 3) . Anti-dsDNA levels were significantly higher comparing active SLE patients to patients in remission (p<0.001), but they were not detected in controls (table 3) . Serum neopterin levels showed a highly significant increase in active group compared to remission (p<0.001) and control groups (p<0.001), and a highly significant increase comparing remission group to control group (p<0.001) (table3) (figure 1). Serum neopterin levels for patients with SLE activity and multiple organ system affection (n=9) were found to be significantly higher compared to those with single organ system affection (n=17) (p<0.01) regardless the specific organ system affected (table 5) (figure 3). Correlations among the various parameters measured in the current study showed a highly significant positive correlation between serum neopterin level and the following parameters; C3dg (r = 0.716, p<0.001), anti-dsDNA (r = 0.71, p<0.001) (figure 4), and ESR (r=0.699, p<0.001). A significant negative correlation was, also, detected between serum neopterin level and both C3 (r = -0.472, p<0.01) and C4 (r = -0.680, p<0.001) (figure 5). 
DISCUSSION
Although the many years of study of the disease, the pathology or disease process in systemic lupus erythematosus remains unclear (20) .Various laboratory tests were used for detection of the activity of the disease as ESR, plasma complements concentrations, and formation of autoantibodies (21) . Particular attention has recently been focused on neopterin as an important indicator for assessing SLE activity (22,23) . The present study showed significant decrease in RBC, WBC and platelet counts in patients with active SLE compared to patients in remission, as well as, to the healthy controls. Decreased RBC count could be explained by impaired renal function with decreased erythropoietin formation, also due to poor general condition, cachexia and anorexia, in addition to bone marrow suppression by aggressive cytotoxic therapy (24) . Leucopenia in SLE patients occurs as part of drug toxicity-induced medullar hypoplasia. Also, it may be due to disease activity, bone marrow failure, peripheral destruction and sepsis (25) . The most common mechanism of thrombocytopenia in SLE patients is believed to be increased platelet clearance mediated by anti-platelet auto-antibodies (26) . ESR was significantly higher comparing active SLE patients to patients in remission and healthy controls, and was significantly higher comparing patients in remission to controls.
Plasma levels of C3 and C4 were significantly decreased comparing SLE patients to healthy normal subjects, also, significant decrease in their levels were found comparing active SLE patients with patients in remission. This could be attributed to reduction of their synthesis and, also, their consumption in immune complex formation. reported that doubts have been raised about their significance and the extent to which they are genuinely part of the pathogenesis of the disease rather than being mere bystanders. Problems with assays used to detect these antibodies are still evident but they remain widely utilized both to help establishing the diagnosis of SLE and to monitor the progress of the disease.
One of the main findings of the current study was increased levels of serum neopterin in SLE patients (active and inactive) compared to normal subjects, and in patients with active disease compared to inactive ones. Serum neopterin level showed higher sensitivity than other SLE markers (80%) and second highest specificity after anti-dsDNA antibodies (73%). These findings confirmed that there is a continuous low grade activation of the cellular immune system in patients with SLE even if the disease is inactive and without being associated with clinical symptoms. These findings were demonstrated by a study conducted by Leohiron et al.
(37) who concluded that the correlation between neopterin concentration and evidence of disease activity was significant. They, also, reported that all patients with clinically active SLE had increased neopterin levels, and only 37.5% exceeded the upper normal limit of serum neopterin during clinical remission. Other studies reported that serum or urinary neopterin could discriminate active from inactive SLE patients (4, 29) .
A recent study done by Mahmoud et al. (38) found that serum levels of neopterin, TNF-alpha and soluble tumor necrosis factor receptor II (sTNFRII) were significantly increased in patients with SLE, and they were the only parameters that showed significant higher levels in SLE patients with mild activity compared to normal subjects. They, also, reported that serum neopterin and sTNFRII could be used to identify SLE patients from normal subjects with a sensitivity and specificity of 100%, which suggested that serum levels of both parameters are more sensitive markers of disease activity than TNF-alpha, C3 or C4.
Jin et al.
suggested that increased lymphocyte apoptosis and defects in removal of apoptotic cells by macrophage contribute to the development of SLE. Serum levels of neopterin in active SLE patients were significantly higher than controls and correlated with the overall lupus disease activity. The increased levels of serum neopterin may be an attempt of the patients' macrophage system to remove the apoptotic cell excess. They concluded that serum neopterin may be regarded as an index of SLE disease activity.
In the present study, serum neopterin level showed a highly significant positive correlation with each of ESR, C3dg, and anti-dsDNA, and a significant negative correlation with both levels of C3 and C4.This agreed with the results of Lim et al. reported that neopterin level and antidsDNA provide together a very highly significant laboratory analysis model for SLE. The present study demonstrated that serum neopterin level was significantly lower in active SLE patients receiving combined therapy of prednisolone and cytotoxic drugs compared to those receiving either prednisolone alone or cytotoxic drugs alone. Comparison of active SLE patients receiving prednisolone alone to those receiving cytotoxic drugs alone did not show any statistical significance. Thus, serum neopterin level can therefore be considered as a reflection of the treatment efficacy in suppressing disease activity.
Drugs, like steroids, affect the proportion of lymphocyte subpopulations and the expression of cell surface molecules and thus could potentially influence neopterin production (40) . This was agreed by Niederwieser et al.
(41) and Prior et al.
(42) who emphasized the same finding in their studied groups on other autoimmune diseases.
The current study demonstrated a significant increase in the serum neopterin levels in active SLE patients with multiple organ affection compared to those with single organ affection regardless the type of organ affected. This indicated that patients with multiple organ affection have generally a more active disease.
Mahmoud et al.
found significantly higher neopterin levels in SLE patients with membranous nephritis and with neuropsychiatric lupus erythematosus (NPLE) compared to patients without nephritis and NPLE. Also, patients with vasculitis had significant elevation of serum neopterin levels compared to patients without vasculitis.
In conclusion, the present results suggest that the estimation of serum neopterin levels seems beneficial in the assessment of disease activity and progress in SLE patients as well as the assessment of the efficacy of various treatment regimens used. However, further research is required with a larger sample group to establish the exact role of that marker in the pathogenesis of SLE. 
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